Background: while a range of variables are related to the impact of pain, most population studies of older persons have simply examined the presence or intensity of pain. Objective: to develop novel pain profiles based on a range of pain variables, and compare demographic and health variables across profiles. Methods: baseline data from The Irish LongituDinal study on Ageing (TILDA), a population-representative cohort study involving 8,171 community living people resident in Ireland aged 50 or over, was used. Two-step cluster analysis was performed on those who reported being often troubled by pain using all self-reported pain variables. Nine demographic and health variables were compared across pain profiles and the no-pain profile. Results: of the cohort, 65% reported not often being troubled by pain. Of those troubled by pain, four profiles emerged ranging from the profile whose pain did not have impact on daily activities (12% of cohort) to the profile with everyone taking medication to control the pain (9% of cohort). All demographic and health variables differed significantly across the profiles (all P < 0.05) with pain profiles reporting significantly greater disability and poorer quality of life than the no-pain profile (P < 0.05). Conclusions: four pain profiles, based on a range of pain variables, as well as a no-pain profile were identifiable in a large sample of older adults. Identifying those (i) with multi-site pain, (ii) who take pain medications and/or (iii) whose pain affects daily activities clearly identifies those with the highest levels of disability and poorest quality of life.
Introduction
Pain is very common in older people [1] , with pain such as low back pain being the most common reason for enduring long-term disability [2] . Pain among older persons predicts disability and immobility [3] , poorer health status [4] and greater healthcare utilisation [5] .
Most large population studies examining pain among older persons have simply identified those older persons in pain based on the frequency of experiencing pain and/or the reported pain intensity [4, [6] [7] [8] [9] [10] . However, pain is a subjective experience, and the impact of pain may vary considerably.
Several other pain variables including the degree to which pain affects a person's ability to participate in home or occupational activities [7, 10] , how widespread the pain is [11] , as well as the use of analgesic medications [5] are known to be related to the impact of pain. Considering a greater range of variables may facilitate better management, since inadequately targeted pain management can involve excessive investigations and treatment [12] and influence disability and quality of life [13, 14] .
Cluster analysis is a multivariate statistical technique which aims to group participants so that participants in the same group or cluster are more similar to each other (across multiple selected variables) than they are to those in other clusters.
Recent population studies among adolescents [15, 16] have used cluster analysis of specific pain variables (e.g. number of pain sites) and co-morbid emotional and behavioural disorders to identify pain profiles, with people in each pain profile reporting differing impacts of their pain on disability and quality of life. This approach has also recently been used to create pain profiles among older people with a disease-specific painful condition like Rheumatoid Arthritis [17] . Several demographic and health variables (e.g. age, sex, educational status, income, mental health and co-morbid medical conditions) are linked to higher disability and poorer quality of life, with differences possibly requiring consideration in the management of a person's pain. Cluster analysis of multiple pain variables has not yet been performed in a large cohort of older persons in the general population, some of whom report pain. Performing such an analysis in a large cohort with the potential for longitudinal follow-up may facilitate enhanced identification of those older persons most at risk of pain having a meaningful impact on disability and quality of life, with a view to managing their care appropriately.
Therefore, this study aimed to develop novel pain profiles based on a range of pain variables, and compare demographic and health variables across these profiles.
Methods Participants
The Irish LongituDinal study on Ageing (TILDA) is a population-representative prospective cohort study of community living (not in a long-term care institution) older adults resident in the Republic of Ireland. A total of 8,171 respondents aged 50 or over at the time of interview were recruited. The study is closely harmonised with the English Longitudinal Study of Ageing (ELSA), the Survey of Health, Ageing and Retirement in Europe (SHARE) and the Health and Retirement Survey (HRS) conducted in the USA. Participants in TILDA were sampled in geographic clusters based on residential postal addresses, with each member of the Irish population aged 50 and older having an equal probability of being invited to participate in the study [18] . Participants completed a computer-assisted personal interview in their own homes administered by trained professional interviewers. The 8,171 respondents aged 50 or over, representing a response rate of 62% from eligible households, were recruited. Response rate varied according to the educational attainment. Ethical approval was obtained from the Trinity College Dublin Research Ethics Committee, and all participants provided written informed consent. Data from the first wave of data collection, conducted between 2009 and 2011, were used.
Measures

Demographic variables
Demographic variables analysed included age (50-64, 65-74, ≥75 years), sex, educational status (primary/elementary, secondary/high school, third level/university) and household income (total assets in quintiles).
Pain
These variables were based on other large population studies [6] [7] [8] . Participants were asked if they are often troubled with pain (yes/no). Those that answered yes were asked 'How bad is the pain most of the time (mild/moderate/ severe)?' and in which part of their body is the pain most severe (back, hips, knees, feet, mouth/teeth, all over, other) (select all that apply). A numerical variable representing the total number of pain sites selected by participants was created as well as a categorical variable for the number of pain sites (one pain site/> one pain site). The impact of pain on usual activities was assessed with the question 'Does the pain make it difficult for you to do your usual activities such as household chores or work' (yes/no). Participants were also asked if they took medication for pain (yes/no) and if it controlled the pain (yes/no/sometimes).
Health variables
Mental health Depressive symptoms were assessed using the eight-item version of the Centre for Epidemiological Studies Depression Scale, with a score of ≥7 indicating depression [19] . The Hospital Anxiety and Depression Scale-Anxiety (HADS-A) subscale was used to assess anxiety, with a score of ≥11 indicating anxiety [20] .
Physical health Self-reported chronic illness was assessed in eight areas (hypertension, diabetes, heart disease, cancer, lung disease, osteoporosis, stroke and arthritis) using the question: 'Has a doctor ever told you that you have any of the conditions on this card?' The presence of arthritis (yes/ no) was analysed, along with a separate multi-morbidity score created by summing the number of chronic illnesses (excluding arthritis) for each respondent (range 0-7).
Disability Disability was recorded as having a problem with any one of the following five activities: walking 100 yards; getting up from a chair; sitting for two hours; climbing one flight of stairs without resting; stooping and kneeling or crouching.
Quality of life Quality of life was measured using the CASP-19 questionnaire [21] , designed to aim at measuring Control, Autonomy, Self-realisation and Pleasure in older people, with the total score ranging from 0 (complete absence of quality of life) to 57 (total satisfaction).
Data analysis
Sampling weights were used to account for selection and participation bias [18] . These weights were constructed based on age, sex, educational attainment, marital status and geographic location [22] . Weighted descriptive statistics are reported for numerical and categorical data. A two-step cluster analysis (TSCA) was performed on those who reported being often troubled by pain using all selfreported pain variables. TSCA is an appropriate clustering technique for numerical and categorical variables and is computationally efficient in large datasets. The loglikelihood was used as the distance measure. The first step assigned cases to pre-clusters. The second step clustered these pre-clusters using a hierarchical clustering algorithm. All pain variables were used initially and multiple iterations of the cluster analysis were carried out to identify the optimum number of clusters and the subset and categorisation of pain variables to be included. The objective was to maximise the similarity within the clusters, variability between clusters and variable importance as measured by the maximum average silhouette width, lowest Schwarz's Bayesian Information Criterion (BIC), highest ratio of distance measures and significance of variables using the chi-square test. A split-half cross-validation was used to verify the number of clusters in the final solution.
The profile membership variable was used to test for association with sex, age, educational level, income, disability, quality of life, arthritis, multi-morbidity (0/1/2 or more chronic illnesses), anxiety and depression. Pearson's chi-square test was used to test for significant associations between categorical variables. Effect sizes were determined using Cramer's V and/or eta-squared, with the strength of association categorised using recommended values [23] . A 5% level of significance was used for all statistical tests. IBM SPSS Statistics Version 20 for Windows and SAS software Version 9.4 for Windows (SAS Institute, Inc.) were used to perform the analysis.
Results
Of the patients, 5,275 (65%) reported not often being troubled by pain (no-pain profile). Of those often troubled by pain (n = 2,896), cluster analysis identified four pain profiles, based on maximising the similarity within the profiles and the variability between the profiles. The following pain variables were included in the final solution: (i) does the pain make it difficult for you to do your usual activities (yes/no); (ii) number of pain sites (one/>one) and (iii) are you taking medication to control the pain (yes/no). The relative importance of each variable to the clustering solution (rated from 0 to 1) was 1 for all variables. The average silhouette width of the four profile solution was 0.7, representing good cohesion and separation between profiles. Including other pain variables such as the rating of pain intensity, the effectiveness of medication in controlling pain, the location of the pain sites or the total number of pain sites did not improve the cohesion or separation between profiles. The descriptive data for the profiles are shown in Table 1 . All participants can be classified into the profiles using a simple algorithm (see Supplementary Appendix 1, available at Age and Ageing online) based on the three most important predictor variables in the analysis.
Pain profile 1 was the largest of the pain profiles (n = 980, 12% of the cohort) and was characterised by those with pain at one site, whose pain did not have impact on daily activities and the majority of whom did not take medication to control the pain. Single-site pain impacted on the daily activities of all those in pain profile 2 but none took medication. Pain profile 3 was characterised by multisite pain (>1 pain site). Single-site pain impacted on the daily activity of all those in pain profile 4 and all took medication to control the pain.
The demographic and health variables of each of the pain profiles, along with the no-pain profile, are shown in Table 2 . The no-pain profile had significantly lower levels of poverty, disability, arthritis and multi-morbidity than all pain profiles, and had the highest level of education and highest quality of life overall. Pain profile 1 was the most similar to the no-pain profile, with the lowest disability and highest quality of life of all the pain profiles. Pain profile 2 was the youngest with the highest proportion of males and reduced quality of life. Pain profile 3 was characterised by having the greatest proportion of females, those with arthritis, multimorbidity and the most disability. Pain profile 4 was characterised by having the oldest, poorest and least educated profile, with the poorest quality of life. While all five profiles differed significantly across all demographic and health variables, the effect sizes for inter-profile differences were much larger for health than demographic variables.
Of the cohort, 10% reported their pain intensity as mild, 17% as moderate and 9% as severe. The proportion of those who reported disability ranged from 50% of those with mild pain to 73% of those with severe pain. Taking into account other pain variables in the pain profiles, however, gave more information on the range of experiences of disability. Table 3 , which gives the proportion of people reporting disability within each pain intensity category (mild/moderate/severe) across the four pain profiles, shows that the relationship between pain and disability is better explained using the novel pain profiles. For example, 50% of those with mild pain reported disability, but this ranged from 37% of pain profile 1 to 73% of pain profile 4. Similarly, the relationship between pain and quality of life is better explained using the novel pain profiles than using simple pain intensity ratings (see Supplementary Appendix 2, available at Age and Ageing online).
Discussion
This study highlights the potential of multivariate statistical methods to identify more distinct pain profiles. The entire population was accurately categorised into five profiles: one group who were not troubled by pain often and four profiles who were often troubled by pain, but who differed significantly across a range of demographic and health variables, and the impact of their pain. The largest group was the no-pain profile (65%). Furthermore, the least disabled pain profile (pain profile 1) accounted for another 12% of the population, such that only 23% of older persons studied were in the three profiles with markedly greater disability and/or quality of life (pain profiles 2, 3 and 4). All variables compared across profiles have previously been linked to greater disability and poorer quality of life among people with pain, including female gender [7, 24] , older age [25] , lower education [16, 26] , lower income [5, 26] , more co-morbid disorders [1, 11, 15, 24] , arthritis [8, 27] and depression [6, 9, 15, 28] . The variation across profiles supports the contention that the presentation of people with pain may differ. The most marked impacts of pain in terms of much higher disability and poorer quality of life were in pain profiles 3 and 4. However, while both pain profiles 3 and 4 reported significant impact, it was difficult to ascertain which profile was the worst in clinical terms.
Implications
Simply categorising older adults by whether they are 'often troubled by pain' would have considered the four pain profiles as a single group, missing the significant differences in disability and quality of life between them. Importantly, two of the five profiles, accounting for 77% of the total population either (i) reported no frequent pain or (ii) reported no impact of pain on their daily activities (pain profile 1). Identifying those with multi-site pain (pain profile 3), those who take medication and/or whose pain affects daily activities (pain profiles 2 and 4) may better identify those with the highest disability and poorest quality of life than self-reported pain intensity. These profiles may enable more targeted management of pain or simple identification of those at most risk of ongoing disability. This is in line with evidence [12, 14] that pain outcomes could be enhanced by stratifying the investigations and treatment offered based on risk profile. Constructs such as disability and quality of life do not appear to be always linearly related, as seen in pain profile 2. Limitations and future research Specific information regarding the duration and types of pain reported was not available, and the measure of disability used was not condition-specific. Most measures were self-reported, allowing potential for respondent bias, notwithstanding the use of sampling weights. It must be acknowledged that unmeasured confounders could explain some of the significant relationships observed between pain and the various demographic and health measures. Additional exploration of demographic, social, medical, psychological and lifestyle factors across these profiles may be valuable.
Conclusion
Four pain profiles, based on a range of pain variables, as well as a no-pain profile were identified in a large sample of older adults. Of the total population, 77% either reported not being troubled by pain or pain not having an impact on their daily activities. Simply categorising the impact of pain among older persons by the presence, or reported intensity, of pain does not reflect the variation in disability and quality of life seen among older persons. Identifying those older persons with multi-site pain, or whose pain affects daily activities, or who take medication better identifies those with the highest disability and poorest quality of life than self-reported pain intensity.
Key points
• Of the older persons, 77% reported that pain did not trouble them, or that pain did not have any impact on their daily activities.
• Cluster analysis identified four novel pain profiles which differed significantly from each other.
• These profiles may enable better management of pain by identifying specific patient characteristics.
• Pain profiling may enhance targeting of resources to those most at risk of high disability and poor quality of life.
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